The measurement of Acoustic Emission (AE) activity at the bearings of power generation turbines is evolving into a viable complementary diagnostic technique especially adept at indicating the early stages of shaft-seal rubbing. This paper reports on an ongoing investigation on the application of acoustic emission for shaft-seal rub detection in power generation turbines. A pre-requisite in developing such a technique requires an understanding of the operational AE background noise.
Introduction
To maximise efficiency, the seals and end-glands along the length of modern turbine units are in very close radial proximity to the rotating shaft. It is therefore unsurprising that contacts or rubs can readily occur between the high-inertia shaft and the surrounding components. Rubbing is an undesired contact between a rotating and stationary part and usually occurs as a secondary effect of some machine malfunctions such as unbalance, misalignment, thermal expansion, fluid-induced self excited vibration. Regardless of the exact relationship between cause and effect, the existence of rubbing is of great concern to the rotor dynamists engineer as it can develop into significant mechanical vibration leading to costly rotor damage. The most common form of diagnosing shaft-seal rubbing is vibration monitoring of the bearing pedestals via accelerometers and velocity transducers. However, Acoustic Emission (AE) offers the opportunity for identifying the onset of rubbing, and the location of the rub, from the bearing pedestal. The latter opportunity overcomes a drawback with current vibration monitoring techniques.
Acoustic Emission
Acoustic Emission (AE) is defined as the resulting transient elastic wave generated when strain energy is released suddenly within or on the surface of a material. These elastic waves cover a broad frequency range between 50 KHz to 1MHz.
On operational machines it is often only practical to take AE measurements from nonrotating members, such as the bearing housing. Consequently, AE signals originating from the rotating shaft will incur significant attenuation across the transmission path to the receiving AE transducer. This attenuation can be attributed to geometrical spreading across the surface or volume of the rotor, and, acoustic reflections at the bearing interfaces caused by acoustic impedance mismatches. Moreover, the AE signal will be further coloured by the characteristic frequency response of the AE transducer. However, Mba et al [4] , Al Shaikh Mubarak et al [5] and Armor et al [2] have confirmed the transmissibility of AE waves across turbine rotors.
Application of Acoustic Emission to health diagnosis on power generation turbines
Successful application of AE to turbine health diagnosis have been reported by a few authors and all the authors have commented on the difficulty with interpreting data due to high background noise levels. Sato [1] investigated the use of AE to monitor seal rubbing on an operational 350MW steam turbine. AE sensors were attached to adjacent journal bearings whilst continuous rubbing was introduced at various rotor locations between the bearings with an aluminium sample. Sato stated that during tests on the steam turbines it proved difficult to judge rubbing phenomena solely on amplitude changes due to high background noise. However, Sato used the spectrum of the envelope AE waveform and showed that rotational frequencies of the turbine were generated with rubbing. 
Acoustic Emission acquisition system
A commercially available broadband piezoelectric AE transducer with a measurement bandwidth of 100 kHz -1 MHz was employed. The acquisition board was the Physical Acoustics Corporation AE-DSP-32/16 card. A magnetic clamp was employed to secure the AE receiving transducer onto the bearing casing. AE energy and r.m.s values were calculated in real time by the ADC controlling software. The software employed a hardware accelerator so that calculations could be performed in real time.
The hardware accelerator takes each value from the ADC and squares it. The results are added into an accumulator for a programmable time interval, based on the user set time constant which in this instance was 100mseconds. At the start of the time interval the accumulator is cleared and at the end of the time interval the accumulator value is stored. The r.m.s is then calculated by taking the square root of the sum of the accumulated squared ADC readings. The energy value computed was equivalent to the area under time the waveform and is measured in Atto-Joules (10 -18 joules). The time interval for acquisition was set at 100mseconds. Pre-amplification was set at 60dB. The signal output from the pre-amplifier was connected (i.e. via BNC/coaxial cable) directly to the data acquisition card. 
Figure 9 Load, speed and vibration r.m.s during run-up; bearing 6
The loading on the turbine unit prior to run-down is shown in figure 10 and figures 11
and 12 show the AE r.m.s activity observed on bearings 6 and 7 during run-down.
Clearly the AE activity during run-down was influenced by the loading on the turbine unit. The same observations were evident during run-down, see figures 13 to 15. Start of turbine loading
Discussions
From the results presented it was observed that AE and vibration r.m.s activity correlated with changes in load on the turbine unit. It was interesting to note that vibration r.m.s levels showed a marked increase on bearings 6 and 7 at about 7-hours and 26-minutes during the run down, see figures 6 and 7. This increase is attributed to the rotor passing through a critical speed. A corresponding increase was observed on AE r.m.s values at bearing 7, see figure 12 . However, at the same instance in time on bearing 6, the AE r.m.s value did show a brief attempt to rise but this did not materialise, see figure 11 . It was noted that during run-up on bearing 7 a similar rise of AE r.m.s was noted at the critical speed of the rotor, see figure 14. Again this was not observed on bearing 6, see figure 15 . The AE r.m.s levels detected on bearing 7 at the critical (approximately 2-volts) was similar to that noted on bearing 6, though the underlying background noise levels from both bearings made this increase more pronounced on bearing 7. It is worth noting that the peak-to-peak displacement of the rotor shaft relative to the journal bearing did not show a relationship with load, however, a correlation between vibration r.m.s and shaft displacement was evident at the critical speed, as to be expected, see figure 16 . This was particularly true during run-down. 
Figure 16
Speed, peak-to-peak displacement and vibration r.m.s during rundown; bearing 7
Clearly AE operational background noise levels at bearing 6 were higher than at bearing 7 during run-up and run-down. Initially, the authors believed that this difference in AE levels was related to the dynamic loading on the bearings, which would have a direct effect on the transmission and attenuation characteristics from the rotor to the bearing casing. This dynamic loading is dependent on the operational mode shape of the coupled turbine units. It was assumed that bearing 6 supported more load than bearing 7; the significance of this is that the oil film thickness will be less in bearing 6 than bearing 7; therefore bearing 6 will experience less relative machine function. Furthermore, the frequency was so low that the authors rejected the view it arose from a structural resonance. However, the authors believe that this phenomenon is related directly to the dynamic process experienced by the unit during run-up. Closer inspection revealed the cyclic event occurred very early during the runup of the unit, and remained until after the critical speed was passed, see figures 21
and 22. In addition, it was noted that this cyclic event was not observed during rundown on either of the bearings. The authors can only attribute this observation to a thermal phenomenon on the bearings/turbine, ending once thermal equilibrium was reached. From the results presented it was clear that the level of AE activity was a function of the loading on the turbine unit. In development of an AE monitoring system, the effects of this loading, and dynamic loading experienced on the bearings, must be given due consideration to ensure an effective system. It is postulated that as with vibration, AE activity is sensitive to the dynamic load experienced by the bearings, through in the case presented the loading was similar. In developing such a diagnostic/monitoring system, setting of alarm levels must be a function of the steam flow and bearing dynamic loading. The authors presented observations of the low
